The agricultural sector is highly vulnerable to climate change, particularly in drought-prone environments. An understanding of perceptions, adaptation strategies, and their determinants including a gender analysis can benefit vulnerable farmers and policy makers. Using a survey of 360 farming household heads and their spouses, this study identified the intra-household perceptions and their determinants, the major strategies adopted by the farmers to adapt to climate change, and the factors that affect their adaptation decision and choice of strategies including the role of intra-household decision making in a drought prone environment of Bangladesh. The adaptation methods identified include short-duration and drought-tolerant rice varieties, supplementary irrigation for crop production, non-rice winter and horticultural crops, and improved channels for irrigation and water harvesting. Discrete choice model results indicate that age, household size, membership in any organization, access to credit, https://doi.
Introduction
Climate change is accepted as a global phenomenon with sweeping implications (IPCC 2007 (IPCC , 2014 Karl et al. 2009; Ali and Erenstein 2017) . Studies show that regional climate change has already affected many physical and biological systems throughout the world. Developing countries contributing only 10% of the annual global carbon dioxide emissions, but are the most prone to climate change and have minimal adaptive capacity (McCarthy et al. 2001; Maskrey et al. 2007 ). The situation is even worst in South Asia where most of the population live in rural areas and predominantly depend on agriculture (Ali and Erenstein 2017) . It is widely documented that Bangladesh is one of the most vulnerable hotspots to the adverse impacts of climate change and climate-related extreme events. For instance, during the last 50 years, Bangladesh has experienced more than 20 droughts (IPCC 2007; Habiba et al. 2012; World Bank 2013) . Moreover, climate change is adversely affecting the agricultural production and farmers' livelihoods and, consequently, risks to food security of Bangladesh (Ahmed and Chowdhury 2006; FAO 2006; Sarker et al. 2012; Al-Amin et al. 2017) . Northwestern Bangladesh is the major rice-producing region of the country, yet it is vulnerable to frequent drought events which are causing crop yield losses (World Bank 2013). In the northwest region, seven of the ten most extreme climatic events from 1973 to 1998 were droughts (BBS 2016) . Given its contribution to national food security and potentially severe effect of climate change, this region demands more focus.
Women play key role in farm and agricultural production in many developing countries (Carvajal-Escobar et al. 2008; Vij and Narain 2016) . Likewise, in Bangladesh, women play a significant role in household decision making including post-harvest operations, crop choice and selling, rearing small and large animals, purchasing and selling agricultural inputs and outputs in addition to their typical household role (Jaim and Hossain 2011; Sraboni et al. 2014) . Throughout the world, women are highly involved with the environment and more concerned regarding environmental issues than are men (Bord and O'Connor 1997; Liu et al. 2014; Habtemariam et al. 2016; Shrestha et al. 2019) . It is also well established that the climate change effects are not gender neutral, and there is a substantial gender disparity in climate change knowledge and access to resources (McCright 2010; FAO 2011; Peterman et al. 2014) . Studies also indicated that women in the developing countries are affected more by climate change than are men (Arora-Jonsson 2011). Moreover, it is clear that members within the same household have different preferences in making family decisions, resource distribution, and policy responses (Alderman et al. 1995) . The study of Ngigi et al. (2017) showed that husbands and wives in the same household have different abilities to make timely decisions and their adaptation decisions to climate change differ significantly. Thus, it is necessary to know how individuals in farm households (i.e., farmers and spouses) perceive climate change and how that translates into the agricultural decision-making for adapting to the effects of changing climate.
The threats of climate change are being tackled through adaptation, particularly by smallholders. However, adaptation in agriculture is greatly influenced by the perception of climate change (Bryant et al. 2000) . It is evident that women and men perceive and make decisions differently. Women are also the most vulnerable to climate change (Bord and O'Connor 1997; Mishra and Pede 2017) . Therefore, gender-sensitive analysis is a way forward for genderappropriate targeting of climate change associated knowledge dissemination and guiding work to address climate change. A number of studies have attempted to measure the impact of climate change and the determinants of adaptation methods in Bangladesh (Ahmed and Chowdhury 2006; FAO 2006; Sarker et al. 2012; Habiba et al. 2012; Alauddin and Sarker 2014; Alam 2015; Hossain et al. 2016; Rahman et al. 2018 ). Most of these impact studies investigated the pecuniary or yield effects of climate change, while adaptation studies suggested measures and covered only a few socioeconomic and institutional factors that affect the selection of adaptation methods. But factors such as social capital (Deressa et al. 2009 ), agro ecological features or location (Below et al. 2012; Alam 2015; Ali and Erenstein 2017) , gender (Bayard et al. 2007; Jianjun et al. 2015; Ngigi et al. 2017; Mishra and Pede 2017) , and livelihood activity (Diggs 1991; West et al. 2007; Rahman 2018) that are assumed to influence adaptation decision and adaptation methods were not incorporated explicitly in the existing studies in Bangladesh. There are also knowledge gaps in linking gender and climate change and integration of a gender sensitive perspective in climate change research and responses (Brody et al. 2008) . To the best of our knowledge, particularly in Bangladesh (one of the most vulnerable countries in the world), intra-household climate change perception and adaptation measures has not been studied. It is important to understand how farmers and their spouses in Bangladesh in general and in drought prone zone in particular perceive climate change, because their adaptation decision and choosing of adaptation strategies are shaped by their perceptions. Therefore, to do a more nuanced intra-household analysis and to advance the understanding of adaptation choices for climate change, unlike the earlier studies this study intended to analyze (i) how husbands and spouses perceive climate change and factors affecting their perceptions; (ii) what are the major strategies adopted by the farmers to adapt climate change, and how intra-household family decisions in addition to other factors affect the adaptation decision, and choice of adaptation methods in agriculture in the drought prone environments of Bangladesh. To address these objectives, the study used a discrete choice modeling approach with a gender lens to capture the "within" household dynamics and based on a unique 360 intra-household dataset that comprises both individual and household level data covering three dissimilar drought prone and water scarce areas of northwest Bangladesh.
An important contribution of our study is to examine whether climate change perceptions differ between husbands and wives within the same household, and the role of intra-household family decisions in selecting adaptation strategies. Additionally, since climate change affects different areas differently, location specific adaptation measures are required (Mertz et al. 2009; Sarker et al. 2012) . Our study was carried out in three different areas with different extents of water stress. Understanding the role of gender and intra-household decision making is relevant for policy formulation and program design, while disseminating and targeting development interventions in order to improve adaptation through addressing the climate change threats in developing countries like Bangladesh. This paper is organized into five sections. After the introduction, Sect. 2 describes the study areas, the data collection procedures, and the research methods. Section 3 presents the empirical results and is divided into two subsections. The first part shows gender differentiated climate change perceptions and the factors affecting intra-household perception. The second part examines adaptation to perceived climate change focusing on adaptation strategies adopted by households and their determinants, particularly the role of intra-household decision making on adaptation decision and choice of adaptation strategies. Section 4 discusses the results and compares them with previous studies. Finally, conclusions and policy implications are discussed in Sect. 5.
Materials and methods

Study area and data
The study was conducted in major rice-producing but drought-prone and in some cases groundwater-depleted districts of northwest Bangladesh. Figure 1 shows the study locations. To represent the high water scarce area, the study selected Matikata union under Godagari upazila from Rajshahi district (24°24′ 0″ N, 88°30′ 0″ E). Narahatta union under Kahaloo upazila of Bogra district (24°51′ 0″ N, 89°22′ 0″ E) and Belaichandi union under Parbatipur upazila of Dinajpur district (25°37′ 48″ N, 88°39′ 0″ E) were selected as the medium and low water scarce areas, respectively.
A cross-sectional intra-household survey was used which employed multistage random sampling techniques. Initially, three upazilas (administrative sub-districts, namely, Godagari, Fig. 1 Map of the study area Kahaloo, and Parbatipur) were selected from three districts; after that, one union (a sub-district or upazila comprises several unions) was selected from each upazila, and 6 villages were chosen randomly from each union (i.e., the study covers 3 districts, 3 upazilas, 3 unions, and 18 villages). During the survey, the study followed the sampling strategy of the Household Income and Expenditure Survey (HIES) and interviewed twenty farm households from each village as a sample (BBS 2010). Thus, our study interviewed 360 farming household heads (i.e., male) and their spouses to assess intra-household dynamics.
A series of focus group discussions (FGD) and pilot surveys for the production year 2016-2017 were carried out to develop the survey instrument. During the FGDs, five types of participants (primary and/or high school teacher, NGO worker, Upazila Agricultural Officer (UAO), UP member, and six local inhabitants with equal numbers of male and female) were asked to give their opinion and summarized their climate change perception and adaptation strategies. At the initial stage, it was planned to interview only the household head but the FGDs and pilot survey results suggested that intra-household dynamics play a significant role in climate change perception and adaptation strategies selection. The FGD participants reached in a consensus that within the households both the husband and spouse make the adaptation decision and select the adaptation strategies. In some cases, there was gender sensitive decision, where the husband fully took the family decision or the spouse fully took the family decision and there were joint family decision. These three categories of family decision affecting the adaptation decision and choice of adaptation strategies. Therefore, in the main survey, we considered intra-household family decisions.
During the final survey, the sample households were first approached through the local Sub Assistant Agriculture Officer (SAAO), after which two respected persons in each village were selected. These three well-accepted persons described the purpose of the study to the farmers and introduced them to the lead investigator and eight qualified enumerators. Among the eight enumerators, four male enumerators surveyed the husbands and four female enumerators surveyed the spouses. The use of male and female enumerators helped mitigate the cultural and religious issues associated with illiteracy and natural reserve of the farmers and ensured free conversation; the strategy helped ensure the validity of the data. At the end of each day's work, questionnaires were checked for errors.
A structured questionnaire which was used to elicit respondents' information was divided into three parts. The first section mainly focused the socioeconomic characteristics of the respondents, which encompass husband and spouse characteristics (husband age, years of schooling of the husband, spouse age, years of schooling of the spouse); intra-household decisions (family decision by the spouse, family decision by the husband, family decision by both the husband and spouse); family characteristic (household size); farm characteristics (total cultivated land, electricity for irrigation, total income); institutional factors (extension frequency, membership in any organization, awareness training, agricultural subsidy, saving, credit facilities); climatic factor (severe drought); and spatial characteristics (low water scarce area, medium water scarce area, high water scarce area) as presented in Table 1 . Questions in part two encompassed the perceived belief of the respondents regarding climate change, mainly change in temperature, rainfall, and water stress. The final part identified the adaptation strategies.
Econometric model
The analysis of the study was mainly based on three steps. Firstly, the study analyzed the factors affecting intra-household (husband and spouse) climate change perception. Secondly, the study identified the determinants of households' adaptation decision, and finally, the study analyzed the determinants of households' adaptation strategies. For the first two objectives, we used a binary logit model since the outcome or dependent variables in both objectives were binary variable (mutually exclusive and exhaustive). For the first objective, we run two separate logit models, one for the husband and one for the spouse. To describe the binary logit model, let y is a binary variable indicating husband's climate change perception, which takes the value, y = 1 when the husband perceives climate change and 0 otherwise. We define P as the likelihood of perceive climate change and 1-P indicates the probability of not perceiving climate change. Then, a transformation of P known as the logit transformation is defined as y = g(x) = logit(P) = log(P/(1-P)), which is a function of explanatory variables. Therefore, the binary logit model can be expressed as follows:
where X is a set of k predictors which may affect the husband's climate change perception. The choice of the predictors included in X is guided by previous empirical literature of climate change perception and adaptation (e.g., Mishra and Pede 2017; Ngigi et al. 2017; Alam 2015; Alauddin and Sarker 2014) . As shown in Table 1 , these predictors in our analysis include the husband characteristics, intra-household decisions, family characteristics, farm characteristics, institutional factors, climatic factor, and spatial characteristics. β is a vector of regression coefficients to be estimated. The study used the same equation and same predictors except wife characteristics instead of husband characteristics for identifying the factors influencing spouse's climate change perception. The determinants of households' adaptation decision also used a similar binary response model. In this case, the explanatory variables encompassed husband and spouse individual characteristics (e.g., age and education of husbands and spouses), intra-household decisions, family characteristics, farm characteristics, institutional factors, climatic factor, and spatial characteristics (Table 1) .
On the other hand, for the third objective, we used the multinomial logit (MNL) model because it permits the analysis across more than two categories, possible to estimate choice probabilities for different categories over a chosen base category (in our case, no adaptation was used as the base category) (Madalla 1983; Wooldridge 2002) , computationally simple (Tse 1987) , and easy to interpret the results using an odds ratio (Long 1997; Kropko 2008 ). Furthermore, earlier adaptation studies used the MNL model (Deressa et al. 2009; Alauddin and Sarker 2014; Alam 2015) . By following Deressa et al. (2009) to describe MNL model, let y indicate a random variable taking values {1, 2, ..., J} for J, a positive integer, and let X denote a set of explanatory variables. In our case, y indicates adaptation strategies and X includes husband and spouse individual characteristics, intra-household decisions, family characteristics, farm characteristics, institutional factors, climatic factor, and spatial characteristics ( Table 1 ). The matter is how ceteris paribus changes X influence the response probabilities (P(y = j/X), j = 1, 2,..., J. Let X is a 1 × K vector with initial element unity. The MNL model has response probabilities:
where β j is K × 1, j = 1,..., J.
In our study, the adaptation strategies were five as described in the Table 4 . In MNL model, the assumption of independence of irrelevant alternatives (IIA) has to be satisfied to ensure unbiased and consistency properties of the parameters estimates. In our study, the choices were not mutually exclusive. However, our survey question asked for the choice of the primary strategy and only one choice can be the primary strategy. Consequently, the choices were independent. In addition to check the assumption of IIA, we used the well-known Hausman test.
As the parameters of the MNL model cannot be interpreted directly, the relative risk ratio (RRR), also known as odds ratio is more meaningful and interpretable. Therefore, the present study used the RRR for interpreting the results. Table 1 shows the socioeconomic characteristics of the farmers in the study areas. It is palpable that there was substantial variation among the husbands' and spouses' perception regarding climate change. The adaptation decision of the households in the changing climatic situations also showed variability (mean value = 0.88, std. dev. = 0.32). There was variation in the choice of adaptation strategies. The mean and std. dev. shows that there were substantial age variation among the husbands and spouses in the study areas which is also evident by the two sample mean comparison test (t = 10.5129; p = 0.0000). In case of years of schooling of both sexes, the study found no significant variation. However, there were significant differences in the gender sensitive family decisions. Of the 360 farm households, 60% households took joint family decision, 25% took male only family decision, and 15% took female only decisions. The test statistic (χ 2 = 5.99, p = 0.000) indicates significant variation in intra-household family decisions. The size of the household in the study areas varied widely (i.e., mean value = 4.81, whereas standard deviation = 1.46). The annual income and institutional facilities of the households varied substantially.
Results
Socioeconomic characteristics of the sample households
Farmers' intra-household perceptions of climate change
The intra-household perceived believes about climate change are presented in Table 2 . Most farmers thought that the severity of change in the study areas was high. There was a significant difference in the husband's and spouse's belief about the severity of change in high water scarce areas (HSA) and low water scarce areas (LSA) (in HSA-χ 2 = 8.4419; p = 0.015 and in LSA-χ 2 = 12.9351; p = 0.002), but in the medium water scarce area (MSA), there was no significant difference. A majority of both sexes perceived that temperature had increased, while only a minority had noticed no change. The chi-square test reveals that there was a statistically significant variation in the intra-household responses in both MSA and LSA. The results also show that about 75% husband and 54% spouse in HSA believed that the rainfall had decreased over the last 20 years. In HSA and MSA, there were significant differences in the responses of both sexes regarding rainfall intensity and timing.
A great majority of the husbands and spouses believed that water stress or droughts were natural phenomena, although a few believed that droughts result from manmade causes or a combination of natural and manmade causes. Approximately 80% of the husbands and 78% of the spouses in HSA reported that drought occurs every year, while on an average 20% husbands and spouses in MSA reported that they experience drought in every 2 years. The chisquare test reveals that there is no intra-household gender difference in responses of drought frequency in the study areas.
Factors affecting intra-household climate change perception
In econometric analyses, cross-sectional data often show multicollinearity which results in inaccurate estimates of parameter. The present study used the variance inflation factor (VIF) in order to detect multicollinearity and concluded that the explanatory variables are free from multicollinearity as the value of VIF for all the variables are less than 10. Table 3 represents the determinants of husband's and spouse's perception regarding climate change. The husband's age and education were less likely to influence their climate change perception, whereas their access to credit facilities was more likely to increase their awareness to climate change. In case of spouses, their age, education, and saving opportunities were more likely to increase their perceived belief to climate change, whereas an increase in cultivated land was less likely influence their climate change perception. The households in HSA and MSA were more likely to perceive climate change than households residing in LSA.
Farmers' adaptation measures to cope with climate change
Depending on their perception and awareness, farmers adopted different adaptation strategies to mitigate the impacts of climate change. Through the FGDs and pilot surveys and literature review processes the adaptation strategies were refined to four adaptation strategies, with no adaptation at all as the base category (Table 4 ). The results show that the majority of the farmers (29%) preferred short-duration and drought-tolerant rice varieties (e.g., BRRI dhan-56 and BRRI dhan-57) as their prime adaptation strategy. Supplementary irrigation was the second most preferred adaptation strategy, used by 27% farmers in the study areas. About 21% of the 360 farmers used non-rice rabi and horticultural crops as their prime adaptation strategy, while improved channels for irrigation and water harvesting was the fourth adaptation strategy adopted by 11% farmers. However, 12% farmers mentioned that they had not adopted any adaptation strategies. The chisquare test (χ 2 = 76.3969, p = 0.000) shows that the adaptation strategies varied significantly in the three drought-prone and groundwater-depleted areas. Husbands and spouses mentioned the same adaptation strategies, so there were no gender differences.
Determinants of farmers' adaptation decision
The determinants of climate change adaptation decision considering both with and without intra-household family decisions are presented in Table 5 . The bottom lines of the table represent the diagnostics of the model. In our model for adaptation decision, together with other explanatory variables, the study focused on the gender characteristics for adaptation decision as we know that intra-household gender plays a vital role in agriculture of Bangladesh. In our model, the value of pseudo-R 2 is higher when we incorporated family decision variables in the model, indicating that the model explains about 32% of the variation in the data whereas without family decision variables, it explains about 30% of the variation. To check the validity of the model, we used a Hosmer-Lemeshow chi-square, which shows that the model with family decision variables appears to fit the data reasonably well. The overall percentage of correct prediction in case of the model with family decision is 92%. In addition, the AIC value also reveals that the model with intra-household family decisions fits reasonably well. 5 indicates that the age of the husband has a significant and negative influence on the adaptation decision. The odds ratio (0.92) reveals that, holding the effects of other variables constant, the likelihood of taking adaptation decision is decreased by 0.92 times for a 1-year increase in the husband's age. On the other hand, the likelihood of taking adaptation decision is 1.21 times increased for a 1-year increase in the age of the spouse. There was a negative correlation between adaptation decision and household size. Credit facilities positively influenced the adaptation decision of the farm households. There was a negative association between adaptation decision and the farmers' membership in an organization. The result of access to credit shows that keeping the effect of other variables constant, the likelihood of taking adaptation decision is 2.7 times greater for the farmers who had credit facilities than the farmers who did not have such facilities. Moreover, drought severity was the most influential factor in taking adaptation decision. The joint decision by the husband and spouse highly influenced the adaptation decision.
Determinants of farmers' adaptation strategies
In discrete choice theory, the independence of the irrelevant alternative (IIA) assumption requires that when people are suggested to select a set of alternatives, their odds of choosing one over another should not depend on whether some other alternative is present or absent. Therefore, it is necessary to investigate the assumption before selecting the final model. Our study used the well-known Hausman test for justifying the IIA assumptions. The test statistics accepted the null hypothesis and indicated that the MNL is suitable to model adaptation measures of the farm households (the chisquare ranged from 0.657 to 7.167 with p values from 0.785 to 1.00). The results of the MNL model are presented in Table 6 ; likewise, the RRR is also presented. The LR test result indicates high goodness of fit of the model which implies that the model has good explanatory power.
It is evident from Table 6 that the age of the husband has a significant negative effect on the probability of adopting all of the mentioned adaptation measures. However, the age of the spouse has a significant positive impact on the adaptation of short-duration and droughttolerant rice (DTR) varieties, supplementary irrigation for crop production, and improved channels for irrigation and water harvesting. Increasing family size negatively influences the adoption of DTR varieties, supplementary irrigation for crop production, and cultivation of non-rice rabi and horticultural crops. Interestingly, the actual amount of land on which crops were grown in a year had significant positive impact on the supplementary irrigation for crop production and non-rice winter and horticultural crop adoption. The adoption of DTR varieties and supplementary irrigation for crop production were positively associated with an increase in extension personnel visits. Our study showed that cultivation of non-rice winter and horticultural crops were negatively influenced if the farm households received any agricultural subsidy. There was positive association between households' severe drought experience and adoption of all strategies. Intra-household joint family decisions positively influenced the adoption of DTR varieties and supplementary irrigation for crop production. Furthermore, households of the HSA and MSA were more likely to adopt non-rice winter and horticultural crops and improved channels for irrigation and water harvesting than the households in LSA.
Discussion
The study provided detailed within-household gender differentiated findings regarding climate change perception and adaptation mechanisms. The objectives of the study are threefold. Firstly, our study examined whether there were intra-household gender similarity and differences. Secondly, the study identified factors associated with husband's and spouse's perceptions, and finally, the study identified the adaptation mechanisms and investigated how the intra-household family decisions in association with other factors impacted adaptation decision and strategies. The study not only compared gender differentiated information but also added value to the existing gender and climate change literatures.
Our study showed that there was an intra-household difference in farmers' climate change perception and the findings are consistent with Ngigi et al. (2017) . However, studies in Bangladesh report that the temperature is increasing and the rainfall is decreasing (Ferdous and Baten 2011; Al-Amin et al. 2017; . Likewise, various studies in developing countries dealt with drought risk and showed that drought is a natural phenomenon and the frequency of drought occurrence is high (Shahid and Behrawan 2008; Udmale et al. 2014; Alauddin and Sarker 2014) . However, the existing studies ignored the intra-household differences and similarities. Our study incorporated the issue of different levels of conceptualisation within-households (Diggs 1991; West et al. 2007 ) through identifying husband's and spouse's beliefs regarding climate change, as their perceptions are linked to their adaptation measures. We observed significant differences in the husband's and spouse's perception regarding the severity of climate change, although a majority of both sexes perceived increasing temperature and decreasing rainfall. A great majority of the husbands and spouses believed that water stress or droughts were natural phenomena, and drought occurred every year in the study areas.
Studies showed that husband's age was negatively associated with the knowledge of climate change perception (Acquah 2011; Roco et al. 2015; Mishra and Pede 2017) . Likewise, our study showed that compared to an old household head (i.e., male), young heads perceived that climate change is more likely to be occurring. Moreover, the study of Waibel et al. (2018) found a negative but insignificant impact of education on adaptation; we know adaptation is allied with the respondents' perception. In our study, a husband's education had a significant negative impact on the perceived climate change knowledge because educated households were mostly involved in non-farm income and reluctant to engage in agricultural practices. Al-Amin and Hossain (2019) found that household heads' engagement in non-farm income increased with the increase in secondary and tertiary education. On the contrary, older women and women with more years of schooling were more likely to perceive climate change than younger women. Our study revealed that the spouses were more concerned about climatic change issues (McCright 2010; Liu et al. 2014; Habtemariam et al. 2016 ). This may be because the women in the study areas were directly involved in the agricultural practices, including post-harvest operations, crop choice and selling, rearing small and large animals, purchasing and selling agricultural inputs and outputs in addition to their typical household role (Jaim and Hossain 2011; Sraboni et al. 2014; Roy et al. 2017; cited in Hossain and Al-Amin 2018) . Access to credit facilities and savings were positively related with climate change perception as expected. In climate change perception and adaptation, location is important (Below et al. 2012; Roco et al. 2015; Mishra and Pede 2017; Shrestha et al. 2019) . In our study, spouses in HSA and MSA perceived more climate changes than farmers in LSA because the women were closely related to agriculture and faced severe climatic changes.
The study found regional level differences in the adoption of adaptation strategies. Our study is consistent with Below et al. (2012) where they showed that specialized farming system was associated with adaptations in the same way as our study results. The negative correlation between age of the husband and adaptation decision may be due to the fact that, with increasing age of the husband, his willingness to take new adaptation risks may decrease.
The older the farmer becomes, the less enthusiastic he is to deal with new challenges in farming operations. This result is similar to the findings of Clay et al. (1998) . However, the age of the spouse was positively associated with adaptation decision and strategies because in Bangladesh, females are mostly involved in agricultural activities (Jaim and Hossain 2011; Sraboni et al. 2014) . Bayard et al. (2007) also has the same finding. In a developing country like Bangladesh, households with more family members are diverting from agricultural sector to non-farm sector (Hossain and Al-Amin 2018; Al-Amin and Hossain 2019); therefore, adaptation decision and strategies were negatively correlated with family size. The interesting finding is that the membership in any organization negatively influenced the adaptation decision and strategies. The study of Bayard et al. (2007) and McCord et al. (2018) showed that membership ensures trust and confidence among the farmers but in our case we found a negative impact. The reason may be that households were involved in several organizational activities and received misleading or contradictory climate change information from different sources. In our study, we considered any kind of organizational involvement. This aspect of our results needs further investigation. It will be better to focus only agricultural organizational involvement. However, Bryan et al. (2013) found that membership negatively influences the probability of changing crop variety in Kenya.
Access to credit facilities increased the likelihood of adaptation decision. This presumably is because with credit an adaptation becomes affordable (Deressa et al. 2009 ). The likelihood of taking an adaptation decision increased for those who faced severe drought. The finding aligns with Alauddin and Sarker (2014) . Intra-household family decisions played a vital role in the ground water depleted areas. In this case, the husband and spouse usually consult with each other before making major family decisions which may have positive influence on the adaptation decision and the selection of adaptation measures. Husband and spouse interaction in family decision is of growing interest (Kassarjian 1982; Filiatrault and Ritchie 1980) , and it is a key current issue the present generation prefers to take decisions jointly. In addition, the likelihood of adopting non-rice rabi and horticultural crops and supplementary irrigation increased with the increase in cultivated land. This finding is consistent with the observations during the survey; it is mainly the large farmers who adopt these adaptation strategies. The spatial characteristics played a positive role in the adoption of non-rice rabi and horticultural crops and improved channels for irrigation and water harvesting. The Department of Agricultural Extension has worked for a long time in HSA and MSA to improve irrigation channels and water harvesting techniques (NAEP 2012; IMED 2014) .
Conclusions and policy implications
Bangladesh is one of the most vulnerable countries to climate change. Besides other climatic events, frequent regional drought is becoming more intense, which ultimately threatening the agricultural sector and food security. Therefore, it is urgent to investigate farmers' perceptions regarding climate change and the key factors affecting their perceptions incorporating intrahousehold dynamics. It is also important to study how this perception influences their agricultural adaptation decision and strategies. Thus, the present study aimed to address these issues in expectation to add knowledge in the area of gender and climate change using an in-depth intrahousehold analysis. The results show that there was a significant difference in husbands' and spouses' perceptions about the severity of climatic change in HSA and LSA. Both the husband and spouse in HSA mentioned that every year, they have to struggle with drought. To mitigate climate change impacts, the farmers in the study areas adopted certain adaptation strategies in which two strategies were related to irrigation and the other two allied with rice and non-rice enterprise selection. The results of our study indicate that the adaptation measures were varied substantially according to the water scarcity levels. Likewise, spatial characteristics and joint family decision are the most significant determinant for adaptation decision and strategies.
Based on the findings of the study, several policy guidelines are suggested. The area-wise differences in perception and adaptation strategies indicate that "one size fits all" policies will not work to adapt to climate change. Location-specific policies are required. As perceptions of drought also influence the adaptation decision and strategies, and perception differ between husband and spouse, the study suggests that disseminating adequate gender appropriate knowledge and climate-related information will accelerate farm level adaptation to climate change impacts. Institutional factors such as extension visit and access to credit for the farmers should be encouraged as such factors positively influence the choice of climate change adaption strategies. Priority should be given towards gender-specific climate change information dissemination and technology development. It would be rational to incorporate intrahousehold gender sensitivity at the time of planning and implementing climate change related policies and adaptation strategies. Local government and non-governmental authorities should interact with rural communities including women and involve them in decision making processes for boosting agricultural production and abating the impacts of climate change, and ultimately ensure food security of the country.
